Abstract. Students in a learning experience can be seen as a community working simultaneously (and in some cases collaboratively) in a set of activities. During these working sessions, students carry out numerous actions that affect their learning. But those actions happening outside a class or the Learning Management System cannot be easily observed. This paper presents a technique to widen the observability of these actions. The set of documents browsed by the students in a course was recorded during a period of eight weeks. These documents are then processed and the set with highest similarity with the course notes are selected and recommended back to all the students. The main problem is that this user community visits thousands of documents and only a small percent of them are suitable for recommendation. Using a combination of lexican analysis and information retrieval techniques, a fully automatic procedure to analyze these documents, classify them and select the most relevant ones is presented. The approach has been validated with an empirical study in an undergraduate engineering course with more than one hundred students. The recommended resources were rated as "relevant to the course" by the seven instructors with teaching duties in the course.
Introduction
This paper focuses on how students search for useful resources in Internet while participating in a learning experience. Searching for information is a task commonly required in course activities of any kind (distant, face-to-face or blended learning). Even if a set of exhaustive course notes is produced, students still search for additional information in Internet. Thus, a community of students emerges that is simultaneously visiting a potentially large number of resources, some of which could be relevant to the course. These resources could be automatically detected by analyzing this process. But there are two major hurdles to analyze the activity of such community. First, the resources viewed by the students are not trivial to monitor without the student intervention (for example, with a rating system). And secondly, from the visited resources, only those truly relevant for the course should be detected and eventually reported back to the community.
Current Learning Management Systems (LMSs) typically store usage and event information in databases and log files that can later be accessed and analyzed using data mining techniques [12] . Students, however, tend to use certain tools that lie outside the scope of the LMS [16, 19] . Skills commonly included in courses such as "managing various information sources", or "search for relevant information", are developed mainly in the user personal space. This type of activities are difficult to supervise both in remote as well as in face-to-face learning.
When a student starts working in a course activity, it is highly likely that she searches the Web for information that is not present in the course resources or perhaps not adequately explained. This behavior may be originated by the need of solving a very specific problem or in other cases by the need of obtaining a tutorial type of document explaining step by step how to solve a given problem. During this process, students may encounter resources related to the course that could be interesting for their peers.
The main question addressed in this document is whether the resources viewed by the students (apart from conventional course notes) can be automatically processed to obtain a set of resources related to the course. Ideally, the procedure by which these additional resources are identified should be executed without student intervention. Although students clearly embraced the Web 2.0 philosophy [2], current state-of-the-art technologies such as information retrieval and data-mining show that useful information can be automatically derived by processing user observations. These techniques can be used to automatically detect similarities between documents without manual classification or labeling. The idea in this work is to create a reference corpus with the course documents, and use it to determine how additional resources visited by the students in Internet are related to them. Those resources that are similar to the course material can be recommended to the students. The steps to obtain these recommendations are: track the student browsing activity, process the set of obtained URLs, characterize the course resources offered by the teaching staff, compare both document sets, and determine which additional resources are most related to the course.
The rest of the paper is organized as follows. Section 2 discusses related work and technologies used in the presented approach. The adopted solution is described in Section 3. An empirical study followed a statistical valuation is presented in Section 4. Finally, conclusions and future work are discussed in Section 5.
